A study was made of the biochemical profiles of 59 strains serotyped as Streptococcus suis, isolated from diseased and clinically healthy pigs. The following parameters are proposed for the identification of the species:
Streptococcus suis is responsible for a range of clinical processes including meningitis, neonatal septicemia, bronchopneumonia, arthritis, endocarditis, and reproductive disorders, all of which have a negative effect on pig production (2, 4, 6, 10, 11, 14, 16) . From an epidemiological viewpoint, S. suis reservoirs appear to be the swine themselves as clinically healthy carriers; the species is readily harbored, primarily in the tonsils and nasal cavities and occasionally in the lungs, vaginas, and prepuces of subjects exhibiting no clinical manifestations (1, 11, 15) .
Windsor and Elliot (20) differentiated two serotypes of S. suis, 1 and 2, corresponding to the two serogroups previously designated S and R, respectively, by de Moor (9, 11) . These two serotypes differ in terms of their capsular antigens (4, 9). Perch et al. (14) identified six new serotypes of S. suis (types 3 to 8) and postulated the existence of others, a hypothesis subsequently borne out by the findings of Gottschalk et al. (5, 7) , who characterized a total of 28 serotypes included in Lancefield groups R, S, and T. Serotype 2 is beyond doubt the most important and the most prevalent in swine; it is responsible for substantial losses on pig farms and has thus been the object of most studies dealing with S. suis (1) .
The biochemical identification of S. suis has been performed with a number of commercial multitest kits such as the Index and API systems (11, 18) , in addition to conventional tests including growth and fermentation in phenol red broth containing 0.1% agar and 1% lactose, trehalose, sorbitol, raffinose, or inulin, hydrolysis of hippurate, and sensitivity to optochin (4). Various parameters have been proposed for the biochemical identification of S. suis, including growth in 6.5% NaCl, acetoin production (the VogesProskauer [VP] test), and acid production from trehalose and salicin. The VP test is critical and appears to be the most reliable test for differentiating S. suis from S. bovis; it may, however, give rise to false-negative results. The profiles obtained with biochemical tests are different from those expected, and certain strains serologically identified as S. suis even have profiles similar to those of other streptococcal species (8) .
The purpose of this study was to establish the biochemical profiles of the S. suis strains isolated and to determine variations in these patterns according to serotypes and the origins of strains.
Of the 59 S. suis strains used in this study (Table 1) , 11 were isolated from diseased pigs (meningitis, septicemia, and abortions) and the remaining 58 were isolated from clinically healthy pigs in a slaughterhouse. Samples were collected from the tonsils and processed within 12 h. All initial isolates, regardless of origin, were obtained by inoculation on Columbia agar with addition of nalidixic acid, colistin-CNA (Oxoid), and 5% defibrinated sterile sheep blood. Serotyping was performed by means of capillary precipitation (Fuller; modified Lancefield) and coagglutination tests (12) .
The S. suis antisera used were supplied by the Copenhagen Serological Institute; only the 22 S. suis serotypes known at the time of the study were used.
Biochemical identification was performed by using commercial system API20 STREP (Biomerieux), following the manufacturer's recommendations. The profiles obtained were computer processed with the APILAB program. In addition to the tests described, and following Higgins and Gottschalk (8) and Gottschalk et al. (5), the study assessed the growth of S. suis in 6.5% NaCl and the fermentation of salicin, using peptone water with 1% added salicin; a pH indicator solution was employed for both culture media.
The results of biochemical identification of the 59 strains serotyped as S. suis are shown in Table 2 ; results are expressed as the percentages recorded for each substrate in diseased and in clinically healthy pigs. All strains, regardless of origin, proved totally homogeneous for three of the tests used: esculin hydrolysis, trehalose fermentation, and total absence of beta-hemolysis on sheep blood agar. Isolates from diseased pigs were negative for 3-galactosidase and alkaline phosphatase and failed to ferment ribose, arabinose, and sorbitol; strains isolated from clinically healthy pigs were positive with respect to all of these substrates, although in differing proportions. However, these parameters do not allow us to predict the pathogenicity of a strain of S. suis. Characterization of a larger number of strains of diseased pigs may assist in the resolution of this question.
Although no fixed pattern exists for the various reactions and biochemical tests in the identification of S. suis, Perch et al. (13) suggest that only three reactions were variable, namely the abilities to ferment raffinose and melobiose and the ability to produce hyaluronidase.
Gottschalk et al. (5) recently proposed the following indicators as specific for S. suis: VP negativity, negativity for growth in the presence of 6.5% NaCl, salicin positivity, and trehalose positivity, although some strains were negative with salicin and trehalose (12.5 and 5%, respectively). The strains tested in the present study did not grow in the presence of 6.5% sodium chloride, and 20% were salicin positive. In light of these results, fermentation of salicin is not to be taken as an indicator for S. suis, as other authors have suggested (5, 8) . The results obtained here suggest the following possible typing parameters: VP negativity, esculin positivity, trehalose positivity, failure to grow in the presence of 6.5% sodium chloride, and absence of beta-hemolysis on sheep blood agar. Table 3 shows differences between the biochemical profiles of S. suis serotype 2 and the other serotypes identified in the present study and gives the percentages obtained for strains isolated from diseased pigs and from the tonsils of clinically healthy pigs. The type 2 strains studied were negative for acetoin, hippurate, pyrridonylarylamidase, and mannose. The other serotypes were positive for these tests, although to differing degrees; only two strains (3%) were positive with acetoin. Although significant differences between the biochemical profiles of the different serotypes of S. suis exist, these were not consistent for each serotype; indeed, some strains sero- logically identified as S. suis were not included biochemically in the species.
In conclusion, this study showed that the following may be considered as indicators for S. suis: VP negativity, hydrolysis of esculin positivity, trehalose positivity, negativity for growth in 6.5% NaCl, and absence of beta-hemolysis on sheep blood agar, although in view of the results obtained and as Clifton-Hadley and Alexander (2) and Gottschalk et al. (5) have suggested, biochemical tests should be used only to complement serological test results.
